1. Introduction {#s0005}
===============

*Plumeria* is a kind of deciduous tree belonging to Apocynaceae. It has a significant medicinal value and can be used for the treatment of various ailments, such as sore throat, heatstroke, bellyache, cough, and dysentery [@bib1]. The main chemical components of *Plumeria* are iridoids, triterpenes, flavonoids, essential oil and so on. Mansour et al. [@bib2] found that the iridoids in *Plumeria* have a toxic effect on a series human tumor cells. The extracts of the flowers can significantly inhibit streptococcus faecalis, bacillus, and corynebacterium pyogenes [@bib3]. Gupta et al. [@bib4] indicated that the flowers extracts of *Plumeria* had the antipyretic-analgesic effect. As a medicine with dual-purpose of drug and food, the flowers of *Plumeria* are also popular among people in making herbal tea to relieve the summer heat.

There are many varieties of *Plumeria*, such as *Plumeria rubra* L., *Plumeria rubra* var. *alba*, and *Plumeria rubra* \'Acutifolia\'. Some researches have indicated that the chemical components vary from different *Plumeria* flowers, some of which may have good bioactivities [@bib5], [@bib6], [@bib7], [@bib8]. However, it is difficult to identify *Plumeria* flowers because they are very alike after dried and processed. Thus, authenticity assurance is crucial for their quality control. We intended to use DNA barcoding technique and HPLC specific chromatograms to identify three kinds of *Plumeria*.

DNA barcoding is a technique for identifying biological specimens using short DNA sequences from either nuclear or organelle genomes [@bib9]. This technique has three advantages as follows. Firstly, the results have good repeatability compared to other molecular identification methods. Secondly, DNA barcoding technique is highly universal. The traditional taxonomic method requires that the leaves, flowers, fruits and other organs of plants must exist. However, DNA barcoding technique is not limited by growth stage, organ, tissue difference or the external environment. And a small number of samples are enough for the identification. Lastly, it can establish a unified database and identification platform to realize digital species identification [@bib10]. DNA barcoding technique has been applied to identification of animals, gymnosperms, angiosperms, fungi and so on [@bib11].

The chloroplast DNA (cpDNA) has been commonly used for DNA barcoding studies in plants. The cpDNA contains variable DNA regions, among which the most commonly used cpDNA intergenic spacer is *psb*A*-trn*H, which has shown high variability and can be used to elucidate genetic relationships at the intraspecific level [@bib12], [@bib13]. In this pioneering study, we selected *psb*A*-trn*H to identify three varietas of *Plumeria*, at the same time, the HPLC specific chromatogram that is commonly used for identification was also used for distinguishing these three varieties of *Plumeria* to make comparison. We hope that our established method will be helpful for the future quality control of *Plumeria* flowers.

2. Experimental {#s0010}
===============

2.1. Materials and reagents {#s0015}
---------------------------

Twelve samples of *Plumeria* flowers were collected from three districts in Guangzhou, Guangdong, China ([Table 1](#t0005){ref-type="table"}). They were authenticated by Associate Professor Lin Jiang, Sun Yat-Sen University, China. Methanol was of analytical grade and manufactured by Tianjin Zhiyuan Chemical Reagent Factory (Tianjin, China). TAE buffer, agarose, PVP-40 and *Taq* PCR Master Mix (2×, blue dye) were purchased from Sangon Biotech (Shanghai, China). DNA secure Plant Kit was purchased from Tiangen Biotech (Beijing, China). Goldview (MYM Biological Technology Co., Ltd., USA) was used for agarose examination. Acetonitrile was of HPLC grade manufactured by SK Chemicals (Korea). Ultrapure water was obtained from a Milli-QRG purification unit (Millipore, Bedford, MA, USA).Table 1Information of the collected sample.Table 1SamplesLatin nameDistrictR1*Plumeria rubra* L.Sun Yat-Sen University campus · Panyu · GuangzhouR2*Plumeria rubra* L.Sun Yat-Sen University campus · Panyu · GuangzhouR3*Plumeria rubra* L.Sun Yat-Sen University campus · Panyu · GuangzhouR4*Plumeria rubra* L.Sun Yat-Sen University campus · Panyu · GuangzhouP1*Plumeria rubra* var. *alba*Sun Yat-Sen University campus · Panyu · GuangzhouP2*Plumeria rubra* var. *alba*Liwan-Lake Park · Liwan · GuangzhouP3*Plumeria rubra* var. *alba*Tianhe Park · Tianhe · GuangzhouP4*Plumeria rubra* var. *alba*Tianhe Park· Tianhe · GuangzhouW1*Plumeria rubra* \'Acutifolia\'Sun Yat-Sen University campus · Panyu · GuangzhouW2*Plumeria rubra* \'Acutifolia\'Sun Yat-Sen University campus · Panyu · GuangzhouW3*Plumeria rubra* \'Acutifolia\'Sun Yat-Sen University campus · Panyu · GuangzhouW4*Plumeria rubra* \'Acutifolia\'Sun Yat-Sen University campus · Panyu · Guangzhou

2.2. Apparatus {#s0020}
--------------

An electronic balance (KERN ABT 220-5DM, 0.1 mg, Germany), an ultrasonic machine (SB25-12DTD, Xinzhi Biotechnical Ltd., Ningbo, China) and an eppendorf centrifuge 5417R (Eppendorf AG, Hamburg, Germany) were used for sample preparation and DNA extraction. PCR amplification was performed on the K960 thermal cycler (Hangzhou Jingge Scientific Instrument Co., Ltd, Hangzhou, China). HPLC analysis was performed on the Shimadzu LC-15C high performance liquid chromatograph (Shimadzu, Japan) with a Dikma Diamonsil C~18~ column (250 mm × 4.6 mm, 5 µm; Dikma, Beijing, China) and a guard column (15 mm × 4.6 mm, 5 µm; Dikma, Beijing, China).

2.3. Sample pre-treatment for DNA extraction and total DNA extraction {#s0025}
---------------------------------------------------------------------

The fresh flowers were washed up and wiped with 75% alcohol aqueous. About 100 mg of each sample was grinded with 1% (m/m) PVP-40. Then, DNA secure Plant Kit was used for total DNA extraction. The process followed the instruction of the Kit.

2.4. PCR amplification and DNA sequencing {#s0030}
-----------------------------------------

DNA barcodes were amplified by polymerase chain reaction using universal primers (fwd: 5′-GTTATGCATGAACGTAATGCTC-3′ and rev: 5′-CGCGCATGGATTCACAATCC-3′). Each 25 μL reaction mixture contained 12.5 μL *Taq* PCR Master Mix, 1 μL Genomic DNA, 1 μL of each 10 μM primer, 1 μL MgCl~2~ solution and 8.5 μL ddH~2~O The PCR conditions for amplification were 1 cycle 94 °C for 5 min; 40 cycles of 94 °C 30 s, 56 °C 30 s, 72 °C 45 s; and 1 cycle 72 °C for 10 min, and hold 4 °C. To detect amplified products successfully, PCR products were examined on 2% agarose gels stained with Goldview and visualized under ultraviolet light.

2.5. Sequence alignment and analysis {#s0035}
------------------------------------

All the amplified products were sent to Sangon Guangzhou for sequencing. The sequences were analyzed by MEGA 5.0.

2.6. Preparation of sample solution for HPLC analysis {#s0040}
-----------------------------------------------------

Test solutions were prepared by extracting 0.5 g dried and pulverized herbs with 10 mL 70% methanol aqueous under ultrasonic condition at room temperature for 30 min. After cooling, the extracted solution was added with 70% methanol aqueous to the original weight. The extracts were filtered through a 0.45 µm filter before used for HPLC analysis.

2.7. HPLC conditions {#s0045}
--------------------

Chromatographic separation was carried out on a Diamonsil C~18~ column along with a guard column. The separation was conducted at 35 °C with a flow rate of 0.7 mL/min. 0.5% acetic acid aqueous solution (A) and acetonitrile (B) were used as the mobile phase in gradient elution mode. The elution gradient was set as follows: 0--10 min, 10% (B); 10--30 min, 10%→15% (B); 30--70 min, 15%→20% (B); 70--85 min, 20%→65% (B); 85--90 min, 65%→90% (B); 90--95 min, 90% (B). The detection wavelength was 240 nm. The injection volume was 20 μL.

2.8. Chemometric analysis {#s0050}
-------------------------

Principal components analysis (PCA) and hierarchical clustering analysis (HCA) were conducted on the SAS 9.0 software to demonstrate the variability among the 12 samples.

3. Results and discussion {#s0055}
=========================

3.1. DNA barcode result analysis {#s0060}
--------------------------------

Authenticity assurance is crucial for quality control of natural products. It is essential to develop different approaches to authenticate the natural products as each approach has advantages that complementary to one another [@bib14]. A desirable DNA barcode should process high interspecific divergences and low intraspecific variations. The Consortium for the Barcode of Life (CBOL) suggested comparing the interspecies distance (*d*~inter~) and intraspecies distance (*d*~intra~) to estimate the identification effectiveness of the selected barcode. The interspecific divergences of an ideal 'barcoding gap' should be significantly larger than intraspecific divergences. If *d*~inter~/*d*~intra~ is smaller than 1, it may not be a suitable DNA barcode [@bib10].

The results of DNA barcoding showed a good differentiation. The *psb*A-*trn*H of all samples were successfully amplified from total DNA and sequenced. Properties of the *psb*A-*trn*H region are summarized in [Table 2](#t0010){ref-type="table"}. The genetic distance was calculated by MEGA 5.0, based on Kimura-2-parameter model. The intraspecies distances of *Plumeria rubra* L. and *Plumeria rubra* \'Acutifolia\' were 0.001 and 0.004, respectively. There was no intraspecies distance for *Plumeria rubra* var. *alba*. The interspecies distance was 0.007 between *Plumeria rubra* L. and *Plumeria rubra* var. *alba*, 0.034 between *Plumeria rubra* L. and *Plumeria rubra* \'Acutifolia\', 0.033 between *Plumeria rubra* var. *alba* and *Plumeria rubra* \'Acutifolia\'. Results of each *d*~inter~/*d*~intra~ were larger than 1, which indicated that the *psb*A-*trn*H region was suitable for the identification of three varietas of *Plumeria*. The neighbor joining tree was built by MEGA 5.0 by repeated 1000 times bootstrap ([Fig. 1](#f0005){ref-type="fig"}). The neighbor joining tree showed that the samples of *Plumeria rubra* L., *Plumeria rubra* var. *alba* and *Plumeria rubra* \'Acutifolia\' can be clustered into three groups, respectively. Therefore, the *psb*A-*trn*H region was an appropriate DNA barcode for identifying these three varietas of *Plumeria*.Fig. 1The neighbor joining tree of *Plumeria rubra* L. (R1-R4), *Plumeria rubra* var. *alba* (P1-P4) and *Plumeria rubra* (W1-W4) \'Acutifolia\' based on the *psb*A-*trn*H sequence with K2P model.Fig. 1Table 2Properties of the *psb*A-*trn*H region of the 12 samples.Table 2SamplesLength (bp)GC content (%)Variable sites111112222333334444444222231345146770257799078906852625058751707R151827.99A----TATGGCGTGGGGGGGTTTR254028.52A----TATGGCGTGGGGGGGTTTR354028.52A----TATGGCGTGGGGGGGTTTR454329.10A----TATGGCGTGGGGGGGTTTP154528.62ATT--ATGGATTGGCGGGGTTTP253327.95ATT--ATGGATTGGCGGGGTTTP354327.81ATT--ATGGATTGGCGGGGTTTP452827.46ATT--ATGGATTGGCGGGGTTTW153028.49TTTTTGAACTGAAGAAGCGGGW254128.65TTTTTGAACTGAAGAAGCGGTW353827.51TTTTTGAACTGAAGAAACGGTW454027.96TTTTTGAACTGAAGAAACGGG[^1]

3.2. HPLC analysis {#s0065}
------------------

[Fig. 2](#f0010){ref-type="fig"} shows the HPLC specific chromatograms of samples R1 (*Plumeria rubra* L.), P1 (*Plumeria rubra* var. *alba)* and W1 (*Plumeria rubra* \'Acutifolia\'), their HPLC chromatograms were so similar that it was difficult to separate the three varietas visually.Fig. 2The liquid chromatograms of the three *Plumeria* (A: *Plumeria rubra* L., B: *Plumeria rubra* var. *alba*, C: *Plumeria rubra* \'Acutifolia\').Fig. 2

3.3. Principal component analysis (PCA) {#s0070}
---------------------------------------

PCA, a multivariate analysis technique, could visualize similarities or differences within multivariate data [@bib15]. It was employed to analyze the differences among these 12 samples. The peak areas of 6 characteristic peaks were set as variables, while 12 samples were set as observations. PC1 explained 41.2% of the total variance in the data set while PC2 explained 32.4%. The cumulative proportion of PCA as well as the loading diagram is shown in [Fig. 3](#f0015){ref-type="fig"}. According to the loading diagram, PC1 showed a strong correlation with peak 5 and peak 6. PC2 showed a strong correlation with peak 2 and peak 4. PC3 showed a strong correlation with peak1 and peak 5. The distinguished results of HPLC specific chromatograms combined with PCA were not as accurate as that of DNA barcoding.Fig. 3Score plot (A) and loading plot (B) of PCA.Fig. 3

3.4. Hierarchical cluster analysis (HCA) {#s0075}
----------------------------------------

HCA, one of the most commonly used unsupervised pattern recognition methods, is a useful multivariate statistic technique to assign a data set into groups by creating a cluster tree or dendrogram according to similarity [@bib15]. In order to assess the resemblance and differences of these samples, HCA of *Plumeria* samples was performed based on the peak area of the 6 characteristic chromatographic peaks by SAS 9.0 software. The Ward\'s method was applied as the amalgamation rule and the squared Euclidean distance was selected to measure the resemblance and classify the 12 samples. The result is shown in [Fig. 4](#f0020){ref-type="fig"}. Samples R1--R4 (*Plumeria rubra* L.) were categorized into one cluster, W1--W4 (*Plumeria rubra* \'Acutifolia\') were categorized into another cluster. However, samples P1--P4 (*Plumeria rubra* var. *alba)* cannot cluster together. Samples R1--R4 and W1--W4 were collected from the same district, but samples P1--P4 were from three different districts. Therefore, we speculated that the environment affected the chemical component which affected the result of PCA and HCA.Fig. 4The dendrogram of 12 batches of *Plumeria* by HCA. R1-R4: *Plumeria rubra* L., P1-P4: *Plumeria rubra* var. *alba*, and W1-W4: Plumeria rubra \'Acutifolia\'.Fig. 4

4. Conclusion {#s0080}
=============

This study has shown that DNA barcoding combined with chemometrics analysis can distinguish *Plumeria rubra* L., *Plumeria rubra* \'Acutifolia\' and *Plumeria rubra* var. *alba.* while the HPLC method can not identify these three varietas because the specific chromatograms were similar. DNA barcoding technique is hopeful for automation as it is more stable, accurate and not affected by growth stage, tissue difference or external environment. This technique is an effective supplement for traditional authentication methods, especially when different species are mixed together. This work also provides an experimental reference for identification of natural medicines by DNA barcoding technique.
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[^1]: \* Numbers above the variable sites are their positions in the multiple sequence alignment. R1-R4: *Plumeria rubra* L., P1-P4: *Plumeria rubra* var. *alba*, and W1-W4: *Plumeria rubra* \'Acutifolia\'.
